disadvantage that organic solvents must be used as developing solvent because of a strong hydrophobicity of the organosilicon groups.
Recently, we have synthesized a new Si-containing polymer, poly(siloxyethylene glycol) (PSEG), which consists of alternating hydrophobic oligo (dimethylsiloxane) unit and oligo (oxyethylene glycol) unit (Scheme 1). Depend on the composition, PSEG is soluble in cold water and insoluble in hot water due to the negative dissolution entropy, which is widely known as the lower critical solution temperature (LCST). Polymer Synthesis: PVSE was synthesized by a polycondensation reaction between OEGs having different oxyethylene units and DAYS (scheme 2). One of the representative procedure for the polycondensation reactions is described. In a 300-mL separable-flask equipped with mechanical stirrer, 21.Og of OEG (Mn=300) and 15.8g of DAYS were added and the mixture was allowed to react for 96h at 80°C. After the reaction, a liberated diethylamine was removed by evaporation in vacuo. The obtained polymer was analyzed by GPC and 1H-NMR.
Temperature Dependency of PVSE Aqueous Solution:
After the obtained PVSE sample was dissolved in phosphate buffer (1.5wt.% pH=7.0 I=0.05) at 4°C, change in the transmittance of the solution was monitored at 550 nm with increasing temperature. The LCST was defined as a temperature at which the solution started to decrease its transmittance.
Resist processing: A representative procedure for resist processings is described. On a Si wafer a THE solution of the polymer sample (10 wt.%) was spincoated at 3000 r.p.m for 3Osec. A thickness of the resist film thus obtained was 0.7-0.8 µm, and it was exposed on a scanning electron microscope (SEM) at 2OkY. The dose range from 0.01 to 30.tC/cm2 was employed. The wafer was developed by soaking in water (4°C) for 10 min. The remaining film thickness was measured with ALFHA STEP 300. The sensitivity parameter was calculated by this data as a Dgi•Mw.
3.Results and Discussion
Synthesis of PVSE and Their Characterizations: PVSE was synthesized by polycondensation reactions between OEG and DAYS. The polycondensation proceeded smoothly and no gel formation was observed during the polymerization, though DAYS has two vinyl groups. The polymers thus obtained were viscous liquid and the number average molecular weights and the molecular weight distributions were 6500-9300 and 2.01-2.27, respectively. Figure 1 shows time course of Mw of PVSE formed. The Mw of the polymer attained more than 104 in 48h-reaction, and finally attained 1.3x104 in 96h-reaction. In the 1H-NMR spectrum of PVSE300 thus obtained (Figure 2) , the signals were appeared in two region at 3.5-4.0 ppm and 6.0 ppm, which are assignable to OCH2 and SiCH=CH2 protons, respectively. The integral ratio of oxyethylene vs. vinylsilane units was 6.0/27.4, which agreed well with the alternating structure of OEG with divinylsiloxane in the main chain as shown in Figure 3 . Since PVSE300 has suitable hydrophilic/hydrophobic balance, the dissolution entropy should be negative. It is well known that Evaluation of PVSE300 as a Negative Resist: Since PVSE has vinyl groups in each repeating unit, it is anticipated to show negative resist. When PVSE film on Silicon wafer (thickness:7300A) was exposed to electron-beam (EB), the film was crosslinked and was regarded as negative-working resist. With increasing EB exposure, the remaining thickness of PVSE300 film was increased. The sensitivity parameter [Dgi.Mw=9.1x10-4 (C/cm2)•(g/mol)] determined from sensitivity characteristic curve was extremely lower than that of common negative resists [5] [6] [7] . Actually, Dg~•Mw [poly(chloromethylstyrene)] was 2nd order of magnitude higher [8.8x10-2 (C/cm2)(g/mol)] •than that of PVSE. It should be noted that the PVSE resist was developed by cold water (4°C). On the basis of these results, new Si-containing polymer, PVSE, is promising for water developing resist with high sensitivity.
